Abstract Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening inflammatory syndrome characterized by reactive proliferation of histiocytes in hematopoietic tissues, with accompanying hemophagocytosis. A number of primary and secondary triggers have been identified, including some hematolymphoid neoplasms. We submit the case of an 11-year-old female who presented with HLH and met diagnostic criteria for juvenile myelomonocytic leukemia, which included the apparently non-recurrent clonal cytogenetic abnormality t(5;12)(q35;q24.1). The diagnosis was eventually revised to systemic anaplastic large cell lymphoma with cryptic NPM-ALK fusion. We review the previously reported cases of pediatric HLH triggered by systemic ALCL and find that the marked neutrophilia, monocytosis, and circulating myeloid precursors seen in our case were unique. In addition, our review highlights the challenge of detecting ALCL in the context of HLH, and identifies features that may be of assistance. While the bone marrow is the most frequently examined tissue in HLH, its diagnostic yield is low. The suspicion for ALCL, and perhaps other neoplasia, should be higher when associated with pulmonary disease (especially if multinodular), skin lesions or lymphadenopathy. Under these circumstances, additional biopsies are recommended even when lymph node enlargement is minimal-a finding often attributed directly to HLH and ignored. Furthermore, it is important to assess for both CD30 and ALK expression, because malignant cells may be too sparse to be detectable with routine H&E or CD3 stains and may not consistently demonstrate both markers.
Introduction
Hemophagocytic lymphohistiocytosis (HLH) is an acute, life-threatening syndrome that occurs in children and young adults typified by reactive proliferation of histiocytes in the bone marrow, liver, spleen, and lymph nodes with characteristic hemophagocytosis in affected tissues and overwhelming systemic inflammatory response. The underlying cause of the disease can be traced to genetic and/or acquired impairments in natural killer (NK) cell function, or less commonly, decreased NK cell numbers. Through an incompletely understood mechanism this leads to dysregulation of histiocyte, cytotoxic T-cell and type 1 helper T-cell function causing over-secretion of pro-inflammatory cytokines, which further stimulate histiocytic proliferation and activity in a positive feedback loop [1] .
Common findings in HLH include fever, hepatosplenomegaly, cytopenias, disseminated intravascular coagulation (DIC) and neurologic symptoms; less frequently there is lymphadenopathy, skin rash, diarrhea, jaundice, and edema. These findings are usually accompanied by characteristic changes in biochemical parameters secondary to histiocyte over-stimulation. The most important of these are hypertriglyceridemia of >3 mmol/L, elevated serum ferritin of >500 mcg/L, and increased soluble CD25 (IL-2 Receptor). Also of use in the diagnosis of HLH, is a demonstration of decreased NK cell function (or number) as well as examination of tissue samples from bone marrow, liver, spleen, lymph nodes, and/or CSF for excess hemophagocytosis. A diagnostic algorithm on the basis of clinical, biochemical and pathologic findings has been developed and is reviewed elsewhere [2] .
HLH is associated with high mortality rates and it is of vital importance to resolution that the underlying cause is identified and treated, where possible. Primary HLH is known to occur with a number of heritable mutations in NK cell genes, including those that encode Perforin (PRF1), MUNC 13-4 (UNC13D) and Syntaxin 11 (STX11) [1, 2] . Secondary causes of HLH include infection, malignancy, rheumatologic disease, immunodeficiency and drugs/toxins [1] [2] [3] . Of the malignancies, T-and NK-cell neoplasms are the most commonly implicated but others have been described [2, 4] . Investigation for hematolymphoid neoplasia is of particular importance because of the availability of effective treatment and because of their progressive nature. However, HLH causes a constellation of multisystem findings, reactive organomegaly and distorted tissue architecture that often makes it difficult to identify or classify the underlying disease.
Systemic ALCL is a mature T-cell neoplasm, which occurs mainly in children and young adults, accounting for 10-15% of non-Hodgkin lymphomas in pediatric patients [5] . Primary cutaneous ALCL shares some histomorphologic features with systemic ALCL but is considered a distinct disease entity and is not considered further in this manuscript [5] . Systemic ALCL involves lymph nodes, liver, bone marrow, skin, and lung [6] . This disease is frequently associated with potent inflammatory responses resulting in constitutional symptoms, making a causal relationship to HLH mechanistically plausible [7] . Microscopic examination reveals variable morphology with a portion of cells that demonstrate intermediate to very large size, with eccentric horse-shoe or kidney-shaped nuclei containing multiple nucleoli, and may contain an eosinophilic region near the nucleus [8] . These characteristic "hallmark" cells often account for only a small proportion of neoplastic cells-making their identification difficult. The characteristic immunophenotype is surface and Golgi CD30 staining, usually accompanied by loss of one or more T-cell specific markers including CD3. Surface, cytoplasmic and/or nuclear staining with anaplastic lymphoma kinase (ALK) is a very specific finding [8] . Normally, ALK staining is absent in all tissues except for rare cells in the brain, but in systemic ALCL, there are a number of recurrent translocations that fuse ALK to a partner gene. The most common translocation is the t(2;5)(p23;q35) which fuses ALK on 2p23 to the nucleophosmin (NPM) gene on 5q35 and occurs in approximately 85% of ALK+ ALCL [9, 10] . There is also a subset of systemic ALCL that is ALK-, which occurs mainly in older adults [5, 6] .
Juvenile myelomonocytic leukemia (JMML) is a rare myeloid neoplasm characterized by proliferation of cells of the granulocytic and monocytic lineages. It occurs exclusively in those <13 years of age and accounts for only 2-3% of childhood leukemias [11, 12] . Though not typically associated with HLH, the simultaneous occurrence of these two disease processes has been recently described [4] . The diagnosis of JMML is challenging under the best of circumstances because of its non-specific pathologic features, but this becomes even more of a challenge when associated with a potent inflammatory condition such as HLH. The WHO diagnostic criteria for JMML are (1) peripheral monocytosis >1×10 9 /L, (2) blasts <20%, (3) exclusion of BCR-ABL1, and (4) two or more of: (a) increased HbF, (b) circulating myeloid precursors, (c) WBC >10×10 9 /L, (d) clonal chromosomal abnormality, or (e) GM-CSF hypersensitivity in vitro [11] . While these criteria work reasonably well in practice, it seems plausible that a reactive condition characterized by rapid proliferation of the monocytic-histiocytic lineage, such as HLH, could conceivably result in false positives.
The diagnosis of a hematolymphoid neoplasm can be very difficult to make in the context of HLH because of overlapping clinical and morphologic features. Furthermore, even when there is good evidence of an underlying neoplasm, such as a clonal cytogenetic abnormality, it can make classifying the disease process difficult because there is uncertainty about which features are attributable to HLH and which are attributable to the underlying malignancy. We report the case of a previously healthy 11-year-old female who presented with HLH and was tentatively diagnosed with JMML on the basis of established criteria, which included an apparently non-recurrent clonal cytogenetic abnormality. Subsequent events led to revision of the diagnosis to ALK+ALCL associated with cryptic NPM-ALK fusion. Our aim is to describe how the misleading features of this case led to the wrong diagnosis and to review cases of ALCL presenting with HLH described in the literature in order to highlight characteristics of this disease that can be used to prevent misdiagnosis.
Materials and methods
Patient information from the presented case was used with full consent of the legal guardian. Bone marrow aspirate samples were collected into EDTA anticoagulated Vacutainer tubes (BD Canada, Mississauga, ON) followed immediately by slide preparation at the bedside and air drying. Slides were fixed with absolute methanol and stained with May-Grünwald Giemsa (Richard-Allan Scientific, Kalamazoo, MI) for examination. The trephine biopsy was fixed in B-Plus (BBC Biochemical, Mount Vernon, WA), decalcified with acid-EDTA (Cal-EX, Fisher Scientific, Pittsburgh, PA), paraffin embedded (Paraplast), sectioned at 1-2 μm thickness, deparaffinized and rehydrated using xylene and ethyl alcohol. A portion of slides were stained with hematoxylin-eosin (H&E, Surgipath SelecTech, Leica Microsystems Canada, Winnipeg, MB). Immunostaining was carried out with mouse monoclonal antibodies for CD68 (clone PG-M1, 1:400, Dako, Glostrup, Denmark) using the Dako FLEX detection system after antigen retrieval with Dako High pH Solution, CD30 (clone Ber-H2, 1:40, Dako) using the Ventana (Tucson, AZ) iVIEW detection system after antigen retrieval with Dako High pH Solution and ALK1 (clone ALK-01, prediluted, Ventana) using the Ventana ultraView detection system after online antigen retrieval using CC1 buffer.
A computerized search of English language literature on Medline was performed using the MeSH terms "Lymphohistiocytosis, Hemophagocytic" and "Lymphoma, LargeCell, Anaplastic", further limited to pediatric patients. This approach resulted in the identification of seven publications describing eight relevant cases [13] [14] [15] [16] [17] [18] [19] . Seven of these cases met the full diagnostic criteria for HLH (HLH-2004) [2] ; one of the cases described by Sevilla et al. only met four HLH criteria and will not be considered further [14] . All discussed cases had biopsy-proven ALCL. Clinical, pathologic, and molecular characteristics were tabulated and compared from each case.
Case report
An 11-year-old female patient of Filipino descent presented with headache, sore throat, cough, and fever of 40°C in late 2009. She was treated initially with amoxicillin and acetaminophen without any response and presented again 8 days later in respiratory distress, requiring intubation and ventilator support. Chest X-rays demonstrated bilateral lower lobe patchy airspace disease, pleural effusions, and interstitial opacification. After 10 days, the patient was extubated but rapidly deteriorated with acute respiratory distress syndrome, hypotension, severe lactic acidosis, renal failure, and liver insufficiency. The findings on chest X-ray were similar to that previously described, but, in addition, fine nodular opacities were also present throughout both lungs. She required repeat intubation on the same day that she was extubated and was progressed from conventional ventilation to high frequency oscillatory ventilation. A nasal swab performed at this time was positive for influenza A of type H1, however the sample was inadequate to further differentiate whether this was H1N1 serotype, the predominate strain in the community at that time.
The patient required aggressive therapy with inotrope support, Prisma hemofiltration, as well as multi-agent antibiotic and antiviral therapy. While in intensive care, she developed anemia (Hgb=88 g/L initially, but quickly deteriorated and required transfusion support), thrombocytopenia (Platelets ¼ 41 Â 10 9 =L), leukocytosis (WBC ¼ 78:0 Â 10 9 =L), elevated LDH (1,016 IU/L), elevated ferritin (10,290 mcg/L), hypertriglyceridemia (3.76 mmol/L), and hypofibrinogenemia (0.8 g/L). On the peripheral blood smear, there was a marked neutrophilia (58.5×10 9 /L) with hypergranulation, Döhle bodies and vacuolation, as well as circulating myeloid precursors (1.6×10 9 /L). Circulating NRBCs (2/100 WBC) were also present but blast cells were not identified. Lymphocytes were normal in number (6.2×10 9 /L) and morphology. There was a marked monocytosis (11.7×10 9 /L) present with a minority of forms demonstrating atypical morphology including convoluted nuclear shape, increased nuclear:cytoplasmic ratio or deep cytoplasmic basophilia; all forms demonstrated mature chromatin texture. These findings were accompanied by increasing abdominal girth (CT imaging studies demonstrated a normal liver but moderate ascites), marked splenomegaly (17.5 cm) with a heterogeneous character, and numerous mildly enlarged retroperitoneal and mesenteric lymph nodes (largest was 1.4×1.8 cm). Together, these findings were highly suspicious for HLH, prompting bone marrow examination.
The bone marrow aspirate sample is cellular and particulate, with histiocytic proliferation and striking hemophagocytosis of both mature erythrocytes and leukocytes, as well as their progenitors (Fig. 1a) . There is also a marked marrow monocytosis comprising 24% of nucleated cells; these demonstrate mature nuclear chromatin. Blasts account for 3% of nucleated cells and are not present in excess. The trephine biopsy demonstrates approximately 80-90% cellularity (Fig. 1b) , with diffuse histiocytic hyperplasia (Fig. 1c ). These histiocytes demonstrate copious eosinophilic cytoplasm with vacuolation and hint at hemophagocytosis, though this cannot be confirmed on H&E alone as hematopoietic cells cannot definitively be localized within them (Fig. 1c) . However, immunostaining of the histiocyte cytoplasm with CD68 PG-M1 antibody confirms their intracellular location (Fig. 1d) . There is no evidence of lymphoid aggregate formation, with scarce CD20+ B-cells and a normal CD3+ contingent of diffusely distributed T-cells. The CD4:CD8 ratio appears approximately normal (2:1). The diagnosis of HLH was confirmed on the basis of these findings and presumed to be secondary to the patient's influenza A (likely H1N1) infection. Though the patient met diagnostic criteria for JMML on the basis of monocytosis, elevated WBC, and circulating myeloid precursors it was felt that concurrent HLH and viral infection invalidated the applicability of these criteria in this case.
Unexpectedly, karyotyping by routine G-banding on the unstimulated bone marrow aspirate sample identified multiple clonal cytogenetic abnormalities: 46, XX, t(5;12)(q35;q24.1) [15] ; 46, XX, t(5;12)(q35;q24.1), t(6;8)(p21;q24) [2] ; and, 47, XXX, t(5;12)(q35;q24.1) [2] . Cells with normal 46, XX [1] karyotype were also present, confirming that the abnormal clones were not constitutional. The t(5;12) was present in the stemline clone with evolution of an additional t (6;8) in one clone and a+X in another. Analysis of fluorescence in situ hybridization (FISH) for PDGFRB at 5q31∼q33 (Vysis LSI CSF1R Spectrum Orange/LSI D5S23: D5S721 Spectrum Green, Abbott Laboratories, Abbott Park, IL) did not demonstrate involvement of this locus. There was no evidence of the Philadelphia chromosome and molecular assays for BCR-ABL1 fusion were negative. With the satisfaction of an additional diagnostic criterion, namely a clonal (non-recurrent) cytogenetic abnormality, a tentative diagnosis of JMML was made.
Additional testing was performed in an attempt to support the diagnosis of HLH and JMML. The patient's soluble interleukin 2 receptor level as measured by ELISA (Pierce Biotechnology Inc., Rockford IL, USA; courtesy of Dr. M. Abdelhaleem, Toronto, ON) was 32,400 U/ml (normal=342-1,580 U/mL). Perforin protein expression as a percentage of CD56+ cells was marginally reduced at 76.07% (normal >80%); the NK cell cytotoxicity assay was also marginally reduced at 15% (control 18-35; courtesy of Dr. M. Abdelhaleem, Toronto, ON) [20, 21] . Direct gene sequencing of PRF1 showed no evidence of mutation in the coding regions of exons 2 and 3 using a previously published method [22] ; of note, a silent heterozygous polymorphism (900 T>C) was detected. Serologic testing was positive for ANA, anti-RMP, ENA and anti-Sm but negative for anti-dsDNA, ANCA and rheumatoid factor. The patient's HbF level was not elevated (<1.0%) and it was too late to assay for GM-CSF hypersensitivity in vitro.
The patient was started on treatment as per the HLH-2004 protocol including 8 weeks of VP-16 150 mg/m 2 , dexamethasone 10 mg/m 2 for 2 weeks, and cyclosporin 6 mg/kg daily for 8 weeks [2] . Intrathecal therapy was deferred until later in the treatment course due to the patient's unstable status. Over the next month, the patient's condition improved steadily and she was extubated, the inotropes stopped, and Prisma hemofiltration was switched to intermittent hemodialysis. Nearly all signs and symptoms of HLH resolved and repeat bone marrow examination demonstrated no evidence of hemophagocytosis, histiocytosis or monocytosis; post-chemotherapy changes were present but there was no evidence of neoplasia; cytogenetic studies demonstrated a normal 46,XX karyotype. The only persistent abnormality was splenomegaly, which had decreased in size but remained mildly enlarged for age at Approximately 1 month after discharge, the patient began to develop a number of tender, erythematous, indurated skin lesions on the left forearm and shoulder. Biopsy of these nodules revealed sheets of small-to medium-sized monomorphic cells with focal areas of necrosis. Initial immunostaining demonstrated strong CD45, CD4, and CD7 expression with variable CD3 positivity seen in approximately half of cells, suggesting a T-cell lymphoproliferative disorder. Additional marker studies demonstrated strong positivity for CD30 as well as cytoplasmic and nuclear ALK1, confirming the diagnosis of ALCL. The tumor had a high mitotic rate and MIB1 (Ki-67) staining demonstrated a proliferation index of nearly 100%.
Staging bone marrow examination was performed immediately after diagnosis of ALCL. This sample is negative for ALCL by H&E, CD30 and ALK1 stains as well as by G-banding karyotype. However, retrospective review of the patient's original bone marrow biopsy sample does demonstrate a low level of involvement by ALCL. Close re-inspection of the bone marrow aspirate identifies a few cells that fit the profile of ALCL, which had previously been labeled as atypical monocytes (Fig. 2a) . Retrospective review of the H&E-stained trephine biopsy also identifies rare hallmark cells (Fig. 2b) . On immunostaining, these demonstrate cytoplasmic and nuclear positivity for ALK1 (Fig. 2c ) with membrane and Golgi positivity for CD30 (Fig. 2d) . Using these immunostains, marrow involvement appears to be minimal; affecting approximately 1-3% of cellularity and with diffuse single-cell positivity. Metaphase FISH was performed over previously G-banded cells from this original marrow sample using the Vysis LSI ALK Dual Color, Break Apart Rearrangement Probe (Abbott Laboratories). Analysis revealed that the t(5;12)(35;q24.1), detected in all three abnormal clone lines was actually a three-way translocation: t(2;5;12)(p23;q35;q24.1).ish(5′ ALK+;3′ALK;3′,5′ALK-) likely resulting in fusion of NPM-ALK on the der(5).
The patient was started on the Children's Oncology Group (COG) protocol ANHL0131 for advanced stage Anaplastic Large Cell Lymphoma with resolution of skin lesions. At the time of writing, the patient is 12 months into the treatment and continues to do well without any detectable evidence of HLH or ALCL.
Discussion
This case illustrates the diagnostic difficulties that can arise when attempting to determine the underlying etiology of HLH; the differential diagnosis is broad, it produces numerous symptoms that can mask other underlying conditions and it is relatively uncommon. The patient's history of preceding upper respiratory symptoms and positive influenza A serology initially pointed to influenza as the trigger of her HLH. However, viral upper respiratory tract infections in children are common and it is expected Died of fungal sepsis [19] ANC=1.3
All had confirmed HLH by established criteria as well as biopsy proven ALCL. Only findings that were present at the time of initial diagnosis are presented y year, mo month, that many children or their guardians will provide a coincidental history of such an infection. Alternatively, it is possible that the combination of ALCL with a viral infection was the trigger for HLH. In either case, it is clear that other underlying causes of HLH must be sought, even when there is evidence of recent viral infection. A unique feature of our case was the presence of a marked neutrophilic and monocytic leukocytosis which is atypical for both HLH and ALCL. Of cases reported in the literature where these two conditions occur together, ours is the only one associated with leukocytosis (Table 1) . Together with the identification of a clonal cytogenetic abnormality this led to the incorrect initial diagnosis of JMML according to accepted WHO criteria [11] . It is important to note that this misdiagnosis was not due to overestimation of monocytes by misidentification of ALCL cells, though in retrospect some misidentification did occur. Immunostaining demonstrates minimal marrow involvement by ALCL (1-3%) while monocytes account for a striking 24% of cellularity. The presence of a very pronounced monocytosis led to the much smaller proportion of ALCL cells being overlooked or dismissed as atypical monocytes. Similarly, retrospective review of the peripheral blood film also suggests that there was a minor population of ALCL cells whose presence was masked by monocytosis. GM-CSF hypersensitivity in vitro testing could not be performed, but even if it had been the presumably negative results would not have been able to exclude JMML [11] . Furthermore, an association between JMML and HLH has been recently reported [4] and the primary cytogenetic abnormality in our case, t(5;12)(q35; q24.1), has previously been associated with monocytic neoplasms. Greipp et al. describe the same t(5;12)(q35; q24.1) translocation in a patient with chronic myelomonocytic leukemia [23] . This group also describes a case of atypical chronic myelocytic disorder associated with monocytosis that had a similar translocation-t(5;12)(q31;q24.1) [23] . The involvement of 12q24.1 is of particular interest because this locus is known to bear the most commonly mutated oncogene in JMML-PTPN11 (previously known as SHP2), present in 35% of cases [11] . Unfortunately, it is not known if PTPN11 was involved in our case. The nonspecific nature of the current diagnostic criteria for JMML has been previously acknowledged and there are ongoing efforts to refine them [12] .
In our case, the first feature to argue against JMML was the excellent response to HLH specific chemotherapy. JMML is notoriously difficult to manage and essentially resistant to all chemotherapy regimens [12] . The development of cutaneous lesions was not specific for either JMML or ALCL, both of which are frequently associated with extranodal tissue infiltration, particularly of the skin and lung [6, 11] . However, it was much easier to identify ALCL on skin biopsy, then in the bone marrow, because of the uniform tumor cell population. The final factor to argue for a diagnosis of ALCL was the demonstration of cryptic NPM-ALK fusion by FISH.
HLH associated with systemic ALK+ALCL is described in a small number of case reports of predominantly pediatric patients, which is not surprising given that these are both mainly diseases of childhood. Including the present case, there are a total of eight pediatric cases included for review with ages ranging from 8 months to 17 years and a proportionate male to female distribution (summarized in Table 1 ). Seven of the eight cases demonstrate an ALK+immunophenotype and six of these had cytogenetic or molecular studies performed that confirmed genetic ALK rearrangement. Five of the seven ALK+ ALCL cases specifically had a t(2;5)(p23;q35) translocation and/or an NPM-ALK fusion product; in the other two cases the partner gene was not identified, but it is unlikely to be critical for the development of HLH.
There does not appear to be a correlation between increasing ALCL tumor burden and the risk of HLH. All of the cases had bone marrow examination, showing histiocytic proliferation with hemophagocytosis while only half of cases (4/8) demonstrated marrow involvement by ALCL. In those cases where marrow ALCL was present, three out of four cases had minimal involvement and the degree of involvement in the remaining case was not described. Thus, not only does routine morphologic assessment of the marrow have the potential to miss the diagnosis of ALCL, but it may also be masked by the more prominent HLH. Similarly, while all of the cases demonstrated lymphadenopathy, this was quite mild-typically in the range of 1-2 cm, with the exception of the case of ALK− ALCL that presented with an 18 × 5 × 5 cm cervical mass. Mild lymphadenopathy may be overlooked under the circumstances because it can be caused directly by HLH. Of the six cases where a lymph node biopsy was performed, all six demonstrated involvement by ALCL-highlighting the importance of biopsy of this tissue. Thus, it appears that the occurrence of HLH does not depend on an advanced stage of ALCL or high tumor burden, making bone marrow biopsy poorly sensitive for disease and suggesting that lymph node biopsy should be undertaken even if enlargement is minimal.
Another diagnostic difficulty that may be encountered, particularly when tumor burden is low, is the inconsistent immunophenotype of ALCL. In our case and at least one other, ALCL was present as diffusely dispersed single-cells in the marrow without any evidence of tumor formation and the majority of cases demonstrated decreased or absent CD3 expression, which is known to be a frequent occurrence in ALCL [6] . Thus, screening H&E and CD3/ CD20 immunostains on bone marrow samples can easily miss the diagnosis-as occurred in our case. Further, of seven cases where CD30 expression was tested, there was one case with absent expression of this marker. Similarly, ALK was negative in one of the eight cases, emphasizing the importance of assessing both CD30 and ALK immunostaining before involvement by ALCL can be ruled out.
A diagnostically useful recurring feature in HLH with ALCL appears to be extranodal involvement, particularly of the lung. This can manifest as pleural effusions, interstitial infiltrates, edema and/or parenchymal nodularity with at least four out of eight cases demonstrating these features. Lung involvement is not a typical feature of HLH [1] , yet ALCL is well known to involve this extranodal site [6] . HLH due to a pulmonary infection or secondary lung infection due to neutropenia could produce some of these chest X-ray findings, but is unlikely to cause pulmonary nodules. Three of the eight cases demonstrated fine (≤1 cm) pulmonary nodularity, one of which was directly demonstrated to be caused by ALCL on biopsy. Though routine biopsy of these nodules would be difficult and possibly dangerous to the patient, the presence of lung nodules on imaging can be used as an indicator of the need for lymph node biopsy. Similarly, ALCL skin involvement is a very useful finding as HLH does not usually involve the skin and biopsy is easy and safe.
It is difficult to detect and correctly identify a hematolymphoid malignancy as the trigger of HLH in part because of overlapping clinico-pathologic features. Systemic ALCL is a particularly challenging diagnosis to make in this context because of its low tumor burden at presentation, and because if its immunophenotypic characteristics. The bone marrow is the most frequently biopsied site in HLH but is not sufficient to rule out systemic ALCL, or other lymphoproliferative disorders. The possibility of ALCL should always be considered in pediatric HLH, but clues that should heighten suspicion include nodular pulmonary infiltrates, skin involvement, other soft tissue involvement and/or lymphadenopathy.
